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Introduction

�,W�ZDV�NQRZQ�IRU�ORQJ�WLPH�WKDW�WKH�)URQW�(QG�%RDUGV�FRQWDLQLQJ�DQDORJ�DQG�GLJLWDO
HOHFWURQLFV�IRU�WKH�&)7�ZHUH�WR�GHQVH�DQG�GLVVLSDWHG�D�JUHDW�GHDO�RI�KHDW���7KLV�KHDW�ZDV�YHU\
GLIILFXOW�WR�H[WUDFW�IURP�WKH��FUDWH��ZKHUH�WKH�ERDUGV�ZHUH�ORFDWHG���$�VROXWLRQ�WR�WKH
SUREOHP�ZDV�WR�VHSDUDWH�WKH�DQDORJ�DQG�WKH�GLJLWDO�SDUWV���7KLV�VROXWLRQ�ZDV�VXJJHVWHG�E\
VHYHUDO�SHRSOH�>�@�DQG�DFFHSWHG�E\�WKH�JURXS�DV�D�YLDEOH�DOWHUQDWLYH�WR�WKH�RULJLQDO�GHVLJQ��,Q
WKH�SDVW�ZHHN��-DPHLVRQ�2OVHQ�DQG�-RKQ�$QGHUVRQ�VXJJHVWHG�WR�XVH�WKH�QHZ�'LJLWDO�)URQW
(QG�%RDUG�DV�WKH�EDVLV�IRU�WKH�GHVLJQ�RI�WKH�%URDGFDVWHU�%RDUG���7KLV�'��1RWH�LQYHVWLJDWHV
WKH�LPSOLFDWLRQV�RI�VXFK�D�GHVLJQ�FKDQJH�

,I�WKH�')(�%RDUG�GHVLJQ�LV�XVHG�LQ�WKH�%URDGFDVWHU��ZK\�QRW�XVHG�WKH�VDPH�JHQHUDO�GHVLJQ�WR
LPSOHPHQW�WKH�/��7ULJJHU�0DQDJHU�XVHG�E\�WKH�&)7�&36�$[LDO�DQG�WKH�)36"��,�SURSRVH�WKDW�ZH�GR
MXVW�WKDW��DQG�WKLV�'��1RWH�ZLOO�SUHVHQW�WKH�SURV�DQG�FRQV�RI�VXFK�DSSURDFK�

The Digital Front end board

First Approach
7KH�RULJLQDO�GHVLJQ�RI�WKH�'LJLWDO�)URQW�(QG�%RDUG��')(��DV�SUHVHQWHG�E\�-DPHLVRQ

VHUYHG�WZR�$QDORJ�)URQW�(QG�%RDUGV��$)(����$�FRQFHSWXDO�EORFN�GLDJUDP�RI�WKH�')(�DQG

CFT/CPS Axial
AFE  (Right)

SEQ
CABLE

CFT/CPS Axial
AFE  (Left)

CASSETTE n

Front End
Digital
Board
m

To DFE m-1

To DFE m+1

From CASSETTE n-1

From CASSETTE
n+1

To
µ−Trigge

To
µ−Trigge

To
BroadcasterΑΣ

LVDS Links

FSC Links

Figure 1.- Block diagram of the Front End electronics broken into separated PC Boards: one set to handle the analog
signals and their conversion to digital and one set dedicated to digital signal processing.
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WKH�WZR�$)(��ZKLFK�LW�VHUYHV��LV�VKRZQ�LQ�)LJ����

,Q�WKLV�GHVLJQ�WKH�FRPPXQLFDWLRQ�ZLWK�WKH�%URDGFDVWHU�ZDV�DFKLHYHG�YLD�WZR�>�@�6HULDO
&RSSHU�)DVW�/LQNV��6&)/��RI�WKH�VDPH�NLQ�DV�WKH�PXRQ�V\VWHP�XVHV���$OORZLQJ�IRU�D
PD[LPXP�RI�WHQ�6&)/V�LQSXWV�IRU�D�%URDGFDVWHU��WKH�V\VWHP�DUFKLWHFWXUH�IRU�WKH�7ULJJHU
6\VWHP�EHFDPH�TXLWH�H[SHQVLYH���$�EORFN�GLDJUDP�IRU�WKH�&)7�&36�$[LDO�7ULJJHU�6\VWHP�LV
VKRZQ�LQ�)LJ����

Inclusion of the Pt sign: first modification of the DFE Board

$IWHU�WKLV�SURSRVDO�ZDV�PDGH�D�UHDO�GLVDVWURXV�VLWXDWLRQ�ZDV�GLVFRYHUHG��WKH
FRPPXQLFDWLRQ�SURWRFROV�EHWZHHQ�WKH�%URDGFDVWHU�DQG�WKH�/��&)7�&36�7ULJJHU�0DQDJHU
GLG�QRW�DOORZHG�IRU�LQFOXVLRQ�RI�WKH�VLJQ�RI�WKH�3W���7R�SURYLGH�VLJQ�LQIRUPDWLRQ��WKH
EDQGZLGWK�RI�WKH�OLQN�EHWZHHQ�WKH�%URDGFDVWHU�DQG�WKH�/��&)7�&36�7ULJJHU�0DQDJHU�QHHGV
WR�EH�GRXEOH���:LWK�WKH�OLPLWDWLRQV�LPSRVHG�E\�WKH�)DVW�6HULDO�&RSSHU�/LQN��WKLV�LPSOLHV�WR
GRXEOH�WKH�QXPEHU�RI�OLQNV�EHWZHHQ�)URQW�(QG�%RDUGV�DQG�%URDGFDVWHU�DQG�EHWZHHQ
%URDGFDVWHU�DQG�/��&)7�&36�7ULJJHU�0DQDJHU���2QH�OLQN�WR�WUDQVIHU�LQIRUPDWLRQ
FRQFHUQLQJ�WUDFNV�ZLWK�SRVLWLYH�3W�DQG�DQRWKHU�SDUDOOHO�OLQN�WR�WDNH�FDUH�RI�WKH�WUDFNV�ZLWK

Digital FE
Boards

BROADCASTER

L1
TRIGGER
MANAGER

Fast Serial Copper Links (each line represents two)        Total  80
Links

Fast Serial Copper Link                                        Total  10 Links

GL Link to L2 CFT pre processor                        Total  10 Links

GL Link to L2 CPS pre processor       Total
10 Links

40  Digital FE Boards
10   Broadcasters
 1   Trigger Manager

Fig. 2  Block diagram showing the relationships between the Digital Front End Boards and the Broadcaster and L1
Trigger Manager Boards.
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QHJDWLYH�3W��&RQVHTXHQWO\��WKH�WRWDO�QXPEHU�RI�)DVW�6HULDO�&RSSHU�/LQNV�ZHQW�IURP�QLQHW\�WR
RQH�KXQGUHG�HLJKW\�

,Q�FRQYHUVDWLRQV�ZLWK�-DPHLVRQ�LW�ZDV�GHFLGHG�WKDW�D�PLQRU�PRGLILFDWLRQ�LQ�WKH�'LJLWDO
)URQW�(QG�%RDUG�DQG�LQ�WKH�%URDGFDVWHU�ERDUGV�FRXOG�UHGXFHG�GUDVWLFDOO\�WKH�DPRXQW�RI
OLQNV�UHTXLUHG���%\�FKDQJLQJ�WKH�QDWXUH�RI�WKH�OLQNV�EHWZHHQ�WKH�'LJLWDO�)URQW�(QG�%RDUG�DQG
WKH�%URDGFDVWHU�IURP�)DVW�6HULDO�&RSSHU�/LQNV�WR�/9'6�WKH�QXPEHU�RI�UHTXLUHG�OLQNV�ZDV
UHGXFHG�WR�WKH�RULJLQDO�QXPEHUV���:LWK�WKLV�FKDQJH�WKH�6\VWHP�$UFKLWHFWXUH�LV�WKH�VDPH�DV
WKH�RULJLQDO�VKRZQ�LQ�)LJ�����WKH�RQO\�WKDW�LV�UHTXLUHG�LV�WR�FKDQJH�WKH�OLQNV�UHSUHVHQWHG�E\
VLPSOH�UHG�DUURZV�IURP�)DVW�6HULDO�&RSSHU�/LQNV�WR�/9'6�

New Protocol for transfers between Front End and Broadcaster

&KDQJHV�LQ�KDUGZDUH�RIWHQ�LPSO\�RWKHU�FKDQJHV�DV�ZHOO���,Q�WKLV�LQVWDQFH��WKH�FKDQJH�LQ
WKH�KDUGZDUH�PRYLQJ�LQIRUPDWLRQ�DFURVV�ERDUGV�UHTXLUHV�D�FKDQJH�LQ�WKH�SURWRFRO�GHILQLQJ
WKHVH�WUDQVIHUV�RI�LQIRUPDWLRQ���7KH�/9'6�LV�FDSDEOH�RI�WUDQVIHUULQJ����ELWV�RI�GDWD�SHU�FORFN
ZKLOH�WKH�)DVW�6HULDO�&RSSHU�/LQN�LV�DEOH�WR�WUDQVIHU�RQO\����GDWD�ELWV�LQ�WKH�VDPH�FORFN��WKLV
LV�D�SRVVLEOH�LQFUHDVH�RI�EDQGZLGWK�RI���������.HHS�LQ�PLQG�WKDW�LQ�VRPH�FDVHV�WKH�VDPH
SK\VLFDO�OLQN�LV�XVHG�WR�VHQG�/��DQG�/��IURP�WKH�'LJLWDO�)URQW�(QG�%RDUGV�WR�WKH
%URDGFDVWHU���7KXV��ERWK�SURWRFROV�DUH�DIIHFWHG�

7KH�SURSRVHG�SURWRFRO�WR�XVH�IRU�WUDQVIHUV�EHWZHHQ�WKH�'LJLWDO�)URQW�(QG�%RDUGV�DQG
WKH�%URDGFDVWHU�%RDUGV�LV�VKRZQ�RQ�)LJ������'DWD�WUDQVIHU�LV�LPSOHPHQWHG�XVLQJ�IUDPHV�RI���
ELWV�HDFK�GLYLGHG�LQWR����ELWV�RI�GDWD�DQG���FRQWURO�ELWV�

7KH�PHDQLQJ�RI�WKH�IRXU�FRQWURO�ELWV�LV�DV�IROORZV�

%����3$5��� 2GG�SDULW\�RI�WKH�ILUVW����ELWV�RI�WKH�IUDPH

%����6� ��WR�PDUN�WKH�ILUVW�IUDPH�RI�D�UHFRUG����RWKHUZLVH

%����(� ��WR�PDUN�WKH�ODVW�IUDPH�RI�D�UHFRUG����RWKHUZLVH

%����'� ��WR�PDUN�IUDPHV�ZLWK�HYHQW�GDWD����IRU�WHVW�GDWD

:LWK�WKLV�DUUDQJHPHQW��ZH�FDQ�JHQHUDWH�D�YHU\�UREXVW�DQG�IDVW�SURWRFRO���7KH�ILUVW�IUDPH
RI�HYHU\�UHFRUG��%��� ����LV�UHVHUYHG�WR�VHQG�LQIRUPDWLRQ�GHVFULELQJ�WKH�UHFRUG��LW�LV�D
�+HDWKHU�)UDPH����7KH�ODVW�IUDPH�RI�HYHU\�UHFRUG��%��� �����WKH��7UDLOHU�)UDPH���LV�DQ
HVSHFLDO�IUDPH�GHGLFDWHG�WR�WUDQVIHU�WKH�ORQJLWXGLQDO�SDULW\�RI�WKH�SUHFHGLQJ�IUDPHV�RI�WKH
UHFRUG���7KH�VHFRQG�IUDPH�RI�WKH�UHFRUG�KDV�GLIIHUHQW�PHDQLQJ�GHSHQGLQJ�LI�WKH�GDWD�WR�EH
WUDQVIHUUHG�LV�/��RU�/��GDWD���7KLV�GLIIHUHQFH�LV�SUHVHQWHG�EHORZ�

$V�VKRZQ�LQ�WKH�ILJXUH��WKH�ILUVW�IUDPH�RI�DQ\�UHFRUG�LV�UHVHUYHG�IRU�D�PLQLPDO�KHDG��7KLV
+HDGHU�FRQVLVWV�RI�WKUHH�E\WHV���7KH�ILUVW�E\WH��'DWD�7\SH�&RGH��HQFRGHV�WKH�W\SH�RI
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LQIRUPDWLRQ�WKDW�WKH�SDUWLFXODU�UHFRUG�FDUULHV���,WV�FRGH�SHUPLWV�WR�GLVWLQJXLVK�EHWZHHQ�/�
GDWD�DQG�/��GDWD��&)7��&36�DQG�)36��7KH�SURSRVHG�FRGHV�DUH�

À ���������������� /��&)7��&36�D[LDO
À ���������������� /��)36
À ���������������� /��)RUZDUG�3URWRQ
À 
À ���������������� /��&)7
À ����������������� /��&36�$[LDO
À ���������������� /��677
À ���������������� /��&36�6WHUHR
À ���������������� /��)36

DATA  TYPE SECTOR  ADDRESS VERSION # of  OBJECTST

DATA

LONGITUDINAL  PARITY

CROSSING NUMBER TURN  NUMBER

DATA  TYPE SECTOR  ADDRESS VERSION # of  OBJECTST

DATA

LONGITUDINAL  PARITY

L1

L2

27

CONTROLS

26 25 24

SET T0 1 IF FIRST FRAME OF RECORD, 0 OTHERWISE

SET T0 1 IF LAST FRAME OF RECORD, 0 OTHERWISE

TRANSVERSAL PARITY BIT

SET TO  1  FOR DEBUG DATA,  0 FOR NORMAL DATA

Figure 3 .-  Protocol to follow for transfer of data through the LVDS Links.

BYTE 0 BYTE 1 BYTE 2

07 06 05 04 03 02 01 00 15 14 13 12 11 10 09 08 23 22 21 20 19 18 17 16
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7KH�VHFRQG�E\WH�JLYHV�WKH�ORFDO�DGGUHVV�RI�WKH�)(�%RDUG���7KH�WZR�E\WHV�FRPELQHG�DFW
DV�D�XQLTXH�,'�FRGH�

7KH�WKLUG�E\WH�JLYHV�LV�GLYLGHG�LQWR�WKUHH�ILHOGV���7KH�ILUVW�ILHOG�KDV�WKUHH�ELWV�DQG
GHVFULEHV�WKH��)LUPZDUH�9HUVLRQ��XVHG�WR�JHQHUDWH�GDWD��L�H��YHUVLRQ�XVHG�WR�ILQG�WUDFNV���7KH
VHFRQG�ILHOG�LV�D�VLQJOH�ELW�XVHG�DV�VSHFLDO�WDJ���7KH�WKLUG�ILHOG�RI�IRXU�ELWV�SURYLGHV
LQIRUPDWLRQ�DERXW�WKH�OHQJWK�RI�WKH�UHFRUG�E\�SURYLGLQJ�WKH�QXPEHUV�RI�GDWD�IUDPHV�WKDW
IROORZ���7KLV�LV�UHGXQGDQW�LQIRUPDWLRQ�EHFDXVH�WKH�HQG�RI�WKH�UHFRUG�LV�WDJJHG�E\�%���KLJK�

7KH�ODVW�IUDPH�LV�UHVHUYHG�WR�SURYLGH�/RQJLWXGLQDO�3DULW\�RI�WKH�SUHYLRXV�IUDPHV�RI�WKH
UHFRUG���1RWH�WKDW�WKH�/RQJLWXGLQDO�3DULW\�LV�FDOFXODWHG�RQO\�IRU�WKH�ILUVW����ELWV�RI�HDFK
IUDPH���7KH�XVDJH�RI�ORQJLWXGLQDO�DQG�WUDQVYHUVDO�SDULW\�DOORZV�IRU�YHU\�UREXVW�WUDQVPLVVLRQ�
%HFDXVH�WKLV�VFKHPD�SHUPLWV�WR�UHFRYHU�DQ\�VLQJOH�HUURU�DQG�WKH�SUREDELOLW\�RI�KDYLQJ�GRXEOH
HUURUV�LQ�D�OLQN�LV�SUDFWLFDOO\�QLO��OHVV�WKDQ��������WKH�UHVXOW�LV�DQ�HUURU�IUHH�WUDQVPLVVLRQ�

2QFH�WKH�SURWRFRO�LV�GHILQHG��LW�LV�QHFHVVDU\�WR�DUUDQJH�WKH�ZD\�WKH�GDWD�LV�SUHVHQWHG�LQ
WKH�GLIIHUHQW�IUDPHV���7KLV�LV�WKH�VXEMHFW�RI�WKH�IROORZLQJ�VHFWLRQ�

Bit Allocation for L1 DATA transfers

)RU�WKH�SXUSRVH�RI�WKLV�'��1RWH�,�ZLOO�FRQVLGHU�WZR�W\SHV�RI�/��GDWD�WUDQVIHU�
&)7�&36�$[LDO�)36

L1 CFT/CPS AXIAL DATA

$�PLQLPXP�RI�����ELWV�LV�QHHGHG�WR�WUDQVIHU�LQIRUPDWLRQ�IURP�WKH�')(�WR�WKH
%URDGFDVWHU���7KLV�WUDQVIHU�PXVW�EH�PDGH�LQ����QV�LQ���FORFNV������LI�D�6\QF�FRGH�LV�VHQW
ZLWK�HDFK�UHFRUG��

À ����ELWV�RI�LQIRUPDWLRQ�UHODWHG�WR�WUDFNV�
��ELWV�1XPEHU�RI�WUDFNV�LQ�D�JLYHQ�WDJJHG�3W�ELQ�IRU�D�PD[LPXP�RI��
IRXU�SRVVLEOH��XQVLJQHG�3W�ELQV�RU�HLJKW�VLJQHG�3W�ELQV
WKUHH�SRVVLEOH�3UH6KRZHU�WDJJLQJ��L�H��1R�36�DVVRFLDWHG��/RZ
7KUHVKROG�RU�+LJK�7KUHVKROG�3UH6KRZHU�FOXVWHU�DVVRFLDWHG�ZLWK�WKH
WUDFN

À IRU�D�PLQLPXP�RI����ELWV� LI� LQIRUPDWLRQ� UHJDUGLQJ� WKH�3W�ELQ� �RQH�RI� IRXU��� LWV
VLJQ�DQG�WKH�3UH6KRZHU�WDJJLQJ�LV�LPSOLHG�LQ�WKH�SRVLWLRQ�RI�WKH�SDUWLDO�UHFRUG�

À ��ELWV�RI�LQIRUPDWLRQ�IRU�D�SRVVLEOH�LVRODWHG�WUDFN�DV�IROORZV�
��ELW�IRU�YDOLG�WUDFN
��ELW�IRU�VLJQ
��ELWV�WR�LQGLFDWHG�LI�WKHUH�LV�D�36�FOXVWHU�DVVRFLDWHG�ZLWK�WKH�WUDFN�DQG
LWV�WKUHVKROG
��ELWV�WR�LQGLFDWH�WKH�3W�UDQJH�RI�WKH�WUDFN
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À ��ELWV�WR�LQGLFDWH�WKH�QXPEHU�RI�VFLQWLOODWLRQ�ILEHUV�KLWV�LQ�WKH�HYHQW
À ��ELWV�WR�JLYH�WKH�SRVVLEOH�QXPEHU�RI�SKRWRQ�FDQGLGDWHV
À ��ELWV�WR�LQGLFDWH�WKH�W\SH�RI�LQIRUPDWLRQ�WUDQVIHUUHG
À ��ELW�WR�JLYH�WKH�JHRJUDSKLFDO�DGGUHVV�RI�WKH�VHFWRU
À ����PLQLPXP��ELWV�IRU�WDJJLQJ�WKH�WUDQVPLVVLRQ�LQWHJULW\��ORQJLWXGLQDO�SDULW\�
À 

7KLV�LV�HLJKW�ELWV�PRUH�����LI�D�6\QF�FRGH�LV�XVHG��WKDQ�ZKDW�WKH�)DVW�6HULDO�/LQN�FDQ
RIIHU���2Q�WKH�RWKHU�KDQG��WKLV�QXPEHU�RI�ELWV�LV�IDU�EHORZ�RI�WKH�QXPEHU�RI�ELWV�������WKDW�D
IXOO�UHFRUG�RI�VHYHQ�IUDPHV�RI����ELWV�FDQ�DFFRPPRGDWH�XVLQJ�WKH�/9'6�

7KH�ELW�DOORFDWLRQ�IRU�WKLV�W\SH�RI�GDWD�LV�VKRZQ�LQ�)LJ����

��,Q�DFFRUGDQFH�ZLWK�DJUHHPHQW�WR�UHSRUW�D�PD[LPXP�RI�VL[�WUDFNV�SHU�3W�ELQ�IURP�DQ\
�����VHFWRU��WKH�ILHOGV�DOORFDWHG�IRU�D�SDUWLFXODU�WDJJHG�VLJQHG�3W�DUH���ELW�GHHS�

7KH�PD[LPXP�QXPEHU�RI�SKRWRQV�WR�EH�UHSRUWHG�LV����WKLV�UHTXLUHV�WKH�DOORFDWLRQ�RI�D
ILHOG�RI�WZR�ELWV�

7KHUH�DUH�HLJKW�ELWV�DOORFDWHG�IRU�WKH�WRWDO�QXPEHU�RI�ILEHUV�KLW��,�WKLQN�WKLV�QXPEHU�LV
UHDOO\�WRR�KLJK���7KH�ILHOG�XQGHU�WKH�QDPH�RI��Σ3W�RI��DOO�WUDFNV�LQ�D������VHFWRU�UHTXLUHV�VRPH
H[SODQDWLRQ���,W�UHDOO\�UHSRUWV�D�QXPEHU�EHWZHHQ���DQG����REWDLQHG�XVLQJ�WKH�IROORZLQJ
DOJRULWKP�

)RU�HDFK�WUDFN
6XEWUDFW���WR�WKH�3W�RI�WKH�WUDFN

,I�WKH�UHVXOW�LV���RU�OHVV�WKDQ���UHFRUG�����RWKHUZLVH�UHFRUG�WKH�UHVXOW
6XP�DOO�WKH�UHVXOWLQJ�UHFRUGHG�YDOXHV�RI�WKH�WUDFNV

07 06 05 04 03 02 01 00 15
5

14 13 12 11 10 09 08 23 22 21 20 19 18 17 16

BYTE 0 BYTE 1 BYTE 2

DATA  TYPE SECTOR  ADDRESS VERSION # of  OBJECTST

Longitudinal Parity

0

0

0

0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

Pt1 + N

Pt2 + N Pt2 - N Pt2 + H Pt2 - H Pt2 + L Pt2 - L

Pt1 - N Pt1 + H Pt1 - H Pt1 + L Pt1 - L

Pt4 + H Pt4 - H Pt4 + L Pt4 - L

Pt3 + H Pt3 - H Pt3 + L Pt3 - L

Pt4 + N Pt4 - N

Pt3 - NPt3 + N

ISOLATED TRACK Σ Pt of TRACKS TOTAL NUMBER OF HITS# γ

Figure 4.-  Bit Fields allocation for L1 CFT/CPS Axial data transfers between the Digital Front End boards and the
Broadcaster using LVDS Links
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,I�WKH�UHVXOW�LV�HTXDO�RU�JUHDWHU�WKDQ����UHSRUW�����RWKHUZLVH�UHSRUW�WKH�6XP
YDOXH

7KH�ILHOG�UHSRUWLQJ�WKH�SRVVLEOH�,VRODWH�7UDFN�LV�DUUDQJHG�DV�IROORZV�

À 9 9DOLG�ELW��VHW�WR���LI�WKHUH�LV�DQ�,VRODWHG�7UDFN
À + 6HW�WR���LI�WKHUH�LV�D�+LJK�7KUHVKROG�&OXVWHU�DVVRFLDWHG�ZLWK�WKH�WUDFN
À / 6HW�WR���LI�WKHUH�LV�D�/RZ�7KUHVKROG�&OXVWHU�DVVRFLDWHG�ZLWK�WKH�WUDFN
À 6 6LJQ�ELW��VHW�WR���LI�WKH�VLJQ�RI�WKH�3W�RI�WKH�WUDFN�LV�QHJDWLYH
À 3W 3W�ELQ��WZR�ELWV�JLYLQJ�WKH�3W�UDQJH�WR�ZKLFK�WKH�WUDFN�EHORQJV

L1 FPS DATA

�7KH�DPRXQW�RI�LQIRUPDWLRQ�LV�YHU\�VPDOO�LQ�FRPSDULVRQ�ZLWK�WKH�SUHYLRXV�FDVH���7KLV
SHUPLWV�WR�XVH�RQO\�WZR�GDWD�IUDPHV�DV�VKRZQ�LQ�)LJ���

Bit Allocation for L2 DATA transfers between Fe and broadcaster

7KHUH�DUH�VHYHUDO�W\SHV�RI�/��GDWD�WKDW�WKH�'LJLWDO�)URQW�(QG�%RDUGV�WUDQVIHU�WR�WKH
%URDGFDVWHU���7KH�IROORZLQJ�FDVHV�DUH�SUHVHQWHG�

À &)7��'DWD��WR��WKH��/�&)7SS
À &36��$[LDO�'DWD��WR��WKH��/�&36SS
À &36��6WHUHR�'DWD��WR��WKH��/�&36SS
À )36��'DWD��WR�WKH�/�)36SS

)RU�HDFK�RI�WKH�IRXU�FDVHV�OLVWHG��D�YHU\�LPSRUWDQW�VLWXDWLRQ�PXVW�EH�WDNHQ�LQWR
FRQVLGHUDWLRQ��WKHUH�LV�QR�GDWD�WR�EH�UHSRUWHG�E\�WKH�'LJLWDO�%RDUG���,Q�WKLV�FDVH��WKH�UHFRUG
FRQVLVWV�RI�RQO\�WKH�IUDPHV�ZLWK�+HDGHU�LQIRUPDWLRQ��EHJLQQLQJ�RI�UHFRUG��DQG�WKH

07 06 05 04 03 02 01 00 15 14 13 12 11 10 09 08 23 22 21 20 19 18 17 16

BYTE 0 BYTE 1 BYTE 2

DATA  TYPE SECTOR  ADDRESS VERSION # of  OBJECTST

Longitudinal Parity

# matched H U Zero Fill

Figure 5.-  Bit Fields allocation for L1 FPS data transfers between the Digital Front End boards and the Broadcaster
using LVDS Links

# matched L U # matched H V # matched L V

# unmatched H U Zero Fill# unmatched L U # unmatched H V # unmatched L V
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/RQJLWXGLQDO�3DULW\��HQG�RI�UHFRUG����7KLV�PLQLPDO�WUDQVIHU�LV�QHFHVVDU\�EHFDXVH�HDFK
%URDGFDVWHU�H[SHFW�LQIRUPDWLRQ�IURP�DOO�WKH�'LJLWDO�ERDUGV�DOORFDWHG�WR�LW�

L2CFT  DATA

7ZR�SRVVLEOH�VLWXDWLRQV�FDQ�EH�SUHVHQW��WKHUH�DUH�RQH�RU�PRUH�WUDFNV�LQ�WKH������VHFWRU��RU
WKHUH�DUH�QR�WUDFNV�LQ�WKH�VHFWRU���)LJXUH���VKRZV�WKH�JHQHUDO�FDVH�ZKHUH�VRPH�WUDFNV�DUH
UHSRUWHG���7R�PDNH�WKH�H[DPSOH�PRUH�PHDQLQJIXO��IRXU�WUDFNV�DUH�UHSRUWHG�

1RWH�WKDW�LQ�WKLV�FDVH�WKH��1XPEHU�RI�'DWD�)UDPHV�WKDW�)ROORZ��FDQ�QRW�EH�OHVV�WKDQ
WZR���7KLV�LV�EHFDXVH�WKH�ILUVW�IUDPH�RI�GDWD��)���FDUULHV�D�VSHFLDO�NLQ�RI�LQIRUPDWLRQ��WKH
QXPEHU�RI�WUDFNV�IRXQG�LQ�HDFK�3W�ELQ�

7KH�PHDQLQJ�RI�WKH�GDWD�ILHOGV�LV�DV�IROORZV�

V  YDOLG�WUDFN���7KLV�ELW�LV�VHW�LI�WKHUH�LV�D�YDOLG�WUDFN�
Φ 9DOXH WKH�UHODWLYH�DGGUHVV�RI�WKH�HLJKW�OD\HU�GRXEOHW�WKDW�EHORQJV

WR�WKH�WUDFN�
,H LI�VHW�WKH�WUDFN�LV�DQ�,VRODWHG�HOHFWURQ���1R�PRUH�WKDQ�RQH�WUDFN�LQ�WKH

VHFWRU�FDQ�EH�DQ�,VRODWHG�HOHFWURQ�
+ LI�VHW�WKH�WUDFN�LV�FRUUHODWHG�ZLWK�D�+LJK�7KUHVKROG�3UH6KRZHU�FOXVWHU
/ LI�VHW�WKH�WUDFN�LV�FRUUHODWHG�ZLWK�D�/RZ�7KUHVKROG�3UH6KRZHU�FOXVWHU
6 VLJQ�RI�WKH�3W�RI�WKH�SDUWLFOH
3W�ELQ 3W�RI�WKH�WUDFN��RQH�RI�WKH�IRXU�SRVVLEOH�UDQJHV
([W��3W D�YDOXH�XVHG�WR�SURYLGH�ILQHU�3W�UDQJHV&36��$[LDO�'DWD��WR��WKH

/�&36�SUH�SURFHVVRUV

07 06 05 04 03 02 01 00 15
5

14 13 12 11 10 09 08 23 22 21 20 19 18 17 16

BYTE 0 BYTE 1 BYTE 2

DATA  TYPE SECTOR  ADDRESS VERSION # of  Data FramesT

Longitudinal Parity

Figure 6.-  Bit Fields allocation for L2 CFT data transfers between the Digital Front End boards and the Broadcaster
using LVDS Links. Case for multiple Tracks (four as example).

Φ ONE  of  44 Pt Bin Zero Fill

CROSSING  NUMBER TURN  NUMBER

# of +Pt B1

Ie

# of +Pt B2

V

# of -Pt B1

H

# of +Pt B3

0

# of +Pt B4

L

# of -Pt B2

S

# of -Pt B3 # of -Pt B4

Ext. Pt

Φ ONE  of  44V0

Pt BinIe H L S Ext. PtΦ ONE  of  44V0Pt BinIe H L S Ext. Pt

Φ ONE  of  44 Pt BinIeV H0 L S Ext. Pt
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L2CPS  AXIAL DATA

7KH�GDWD�UHTXLUHG�E\�WKH�/�&36SS�IURP�WKH�'LJLWDO�ERDUG�LV�VKRZQ�RQ�)LJ����ZLWK�WKH
PHDQLQJ�RI�WKH�GLIIHUHQW�ILHOGV�OLVWHG�EHORZ�LW�

À 9 VHW�LI�D�YDOLG�FOXVWHU�LQIRUPDWLRQ�IROORZV
À + LI�VHW�WKH�FOXVWHU�LV�D�+LJK�7KUHVKROG�FOXVWHU
À / LI�VHW�WKH�FOXVWHU�LV�D�/RZ�7KUHVKROG�FOXVWHU
À &/867(5�$''5(66 ,QFOXGHV�IRXU�ILHOGV�

=� JLYHV�LQIRUPDWLRQ�DERXW�WKH�=�SRVLWLRQ�RI�WKH�FOXVWHU��1RUWK��6RXWK
3 LI�VHW�WKH�FOXVWHU�VWDUWV�LQ�WKH�SUHYLRXV�VHFWRU
1 LI�VHW�WKH�FOXVWHU�VWDUWV�LQ�WKH�QH[W�VHFWRU
5��Φ UHODWLYH�DGGUHVV�RI� WKH� ILUVW�HOHPHQW�RI� WKH�FOXVWHU�ZLWKLQ� WKH�SURSHU

VHFWRU
À :,'7+ 1XPEHU�RI�HOHPHQWV�LQ�WKH�FOXVWHU��PD[LPXP�LV���

,I� WKH� FOXVWHU� LV� DVVRFLDWHG� ZLWK� D� WUDFN� WKHQ� WKH� IROORZLQJ� ILHOGV� KDYH
LQIRUPDWLRQ��RWKHUZLVH�WKHVH�ILHOGV�DUH�DOO�]HUR

À 6 VLJQ�RI�WKH�3W�RI�WKH�WUDFN�DVVRFLDWHG�ZLWK�WKH�FOXVWHU
À 3W�ELQ 3W�RI�WKH�WUDFN��RQH�RI�WKH�IRXU�SRVVLEOH�UDQJHV
À ([W��3W D�YDOXH�XVHG�WR�SURYLGH�ILQHU�3W�UDQJHV

$�FOXVWHU�FRXOG�EH�DVVRFLDWHG�ZLWK�D�WUDFN�RI�ORZ�3W�VXFK�WKDW�WKH�WUDFN�ZDV�QRW�UHSRUWHG
LQ�WKH�&)7�LQIRUPDWLRQ�WR�WKH�/�&)7SS���,Q�WKLV�VLWXDWLRQ��WKH�DVVRFLDWHG�WUDFN�SDUDPHWHUV
ZLOO�EH�UHSRUWHG�LQ�WKLV�UHFRUG���$�FOXVWHU�FRXOG�EH�DVVRFLDWHG�ZLWK�PRUH�WKDQ�RQH�WUDFN���,I
PRUH�WKDQ�RQH�WUDFN�LV�DVVRFLDWHG�ZLWK�WKH�FOXVWHU�WKHQ��IRU�HDFK�DVVRFLDWHG�WUDFN�WKDW�ZDV
UHSRUWHG�LQ�WKH�&)7�LQIRUPDWLRQ�WR�WKH�/�&)7SS��WKH�FOXVWHU�LQIRUPDWLRQ�LV�UHSHDWHG�ZLWK
WKH�LQIRUPDWLRQ�RI�HDFK�WUDFN

07 06 05 04 03 02 01 00 15 14 13 12 11 10 09 08 23 22 21 20 19 18 17 16

BYTE 0 BYTE 1 BYTE 2

DATA  TYPE SECTOR  ADDRESS VERSION # of  Data FramesT

Longitudinal Parity

Figure 7.-  Bit Fields allocation for L2 CPS Axial data transfers between the Digital Front End boards and the
Broadcaster using LVDS Links.

Zero

CROSSING  NUMBER TURN  NUMBER

Z R Φ ONE  of  8P WIDTH Pt BinIeV H NL S Ext. PtZero
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L2CPS  STEREO DATA

,Q�WKH�FDVH�RI�6WHUHR�LQIRUPDWLRQ��WKH�UHSRUWLQJ�LV�YHU\�VLPLODU�WR�WKH�SUHYLRXV�FDVH���,Q
WKLV�FDVH�WKHUH�LV�QRW�WUDFNV�DVVRFLDWHG�ZLWK�D�FOXVWHU�DQG�LW�LV�QHFHVVDU\�WR�GLVWLQJXLVK
EHWZHHQ�WKH�RULHQWDWLRQ�RI�WKH�VWULSV�RI�WKH�3UH6KRZHU�GHWHFWRUV���7KH�WZR�RULHQWDWLRQV�DUH
QDPHG�8�DQG�9����7KH�GDWD�ILHOG�DOORFDWLRQ�IRU�WKLV�FDVH�LV�SUHVHQWHG�LQ�)LJ������'DWD�WR�WKH
/�&36�SUH�SURFHVVRUV

L2FPS  DATA

7KH�GDWD�UHTXLUHG�E\�WKH�/�)36SS�LV�YHU\�VLPLODU�WR�WKH�&36�6WHUHR�GDWD���$�PD\RU
GLIIHUHQFH�LV�WKDW�WKH�/�)36SS�QHHGV�WKH�FRUUHODWLRQ�EHWZHHQ�FOXVWHUV�LQ�WKH�36�GHWHFWRUV
ORFDWHG�EHIRUH�DQG�DIWHU�WKH�VKRZHULQJ�PDWHULDO���7KLV�GDWD�LV�JLYHQ�DV�D��0,7�%LW�3DWWHUQ�
JHQHUDWHG�LQ�WKH��EHIRUH��GHWHFWRU���7KH�GDWD�ILHOGV�DVVLJQPHQW�LV�VKRZQ�LQ�)LJ����

Using the DFE board as a broadcaster board:  second MODIFICATION

07 06 05 04 03 02 01 00 15 14 13 12 11 10 09 08 23 22 21 20 19 18 17 16

BYTE 0 BYTE 1 BYTE 2

DATA  TYPE SECTOR  ADDRESS VERSION # of  Data FramesT

Longitudinal Parity

Figure 8.-  Bit Fields allocation for L2 CPS Stereo data transfers between the Digital Front End boards and the
Broadcaster using LVDS Links.

Zero

CROSSING  NUMBER TURN  NUMBER

Z R Φ ONE  of  256U WIDTHV V Zero Fill

07 06 05 04 03 02 01 00 15 14 13 12 11 10 09 08 23 22 21 20 19 18 17 16

BYTE 0 BYTE 1 BYTE 2

DATA  TYPE SECTOR  ADDRESS VERSION # of  Data FramesT

Longitudinal Parity

Figure 9.-  Bit Fields allocation for L2 FPS Stereo data transfers between the Digital Front End boards and the
Broadcaster using LVDS Links.

Zero

CROSSING  NUMBER TURN  NUMBER

Z R Φ ONE  of  256U WIDTHV V Zero Fill

MIT  BIT  PATTERNZero Fill

H L

LH
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$�IXQFWLRQDO�EORFN�GLDJUDP�RI�WKH�%URDGFDVWHU�ZDV�SUHVHQWHG�LQ�WKH�-DQXDU\�'HVLJQ
5HYLHZ���$W�WKDW�WLPH��WKH�SRVVLELOLW\�RI�XWLOL]LQJ�WKH�'LJLWDO�)URQW�(QG�%RDUG�IRU�LWV
LPSOHPHQWDWLRQ�ZDV�QRW�\HW�FRQVLGHUHG���7KLV�)XQFWLRQDO�%ORFN�'LDJUDP�LV�SUHVHQWHG�LQ�)LJ�
���

7KH�,�2�FKDQQHOV�DUH�DV�IROORZV�

À ���)DVW�&RSSHU�6HULDO�/LQNV�� ,QSXWV�IURP�)(
À ��)DVW�&RSSHU�6HULDO�/LQN 2XWSXW� WR� /�7ULJJHU� 0DQDJHU� �WZR� DUH

QHHGHG�WR�SURYLGH�WKH�3W�VLJQ�LQIRUPDWLRQ�
À ��*�/LQNV�7UDQVPLWWHUV 2XWSXW�WR�/��),&
À �*�/LQN�7UDQVPLWWHU 2XWSXW�WR�/�
À �������,QWHUIDFH %DFN�3ODQH�&RQQHFWLRQ

7KH�ORJLF�UHSUHVHQWHG�E\�WKH�)XQFWLRQDO�%ORFNV�´'DWD�3URFHVVLQJµ��´6HTXHQFHUµ�DQG
´7LPHUµ�DUH�LPSOHPHQWHG�XVLQJ�KLJK�HQG�)3*$V�

$W�WKH�VDPH�7HFKQLFDO�5HYLHZ��D�QHZ�GHVLJQ�RI�WKH�)URQW�(QG�(OHFWURQLFV�ZDV�VKRZQ�
7KH�GHVLJQ�RI�WKH�'LJLWDO�)URQW�(QG�ERDUG�LV�SDUWLFXODUO\�LQWHUHVWLQJ���7KH�GHVLJQ�RI�WKHVH
ERDUGV�FDOOV�IRU�WZR�'DXJKWHU�%RDUGV�WR�LPSOHPHQW�IXQFWLRQ�VSHFLILF�ORJLF�ZKLOH�WKH
FRPPRQ�ORJLF�LV�LPSOHPHQWHG�GLUHFWO\�LQ�WKH�ERDUG���,Q�WKH�FDVH�RI�WKH�'LJLWDO�)URQW�(QG
%RDUGV�IRU�WKH�&)7�&36�$[LDO��HDFK�'DXJKWHU�%RDUG�LPSOHPHQWV�WKH�7UDFN�)LQGLQJ��3W
6RUWLQJ�DQG�&OXVWHU�)LQGLQJ�7UDFN�0DWFKLQJ�DOJRULWKPV�RULJLQDOO\�LPSOHPHQWHG�LQ�WKH�GLJLWDO
SRUWLRQ�RI�WKH�)(�%RDUG���7KH�EUHDNLQJ�RI�WKH�EXON�RI�WKH�ORJLF�LQWR�WZR�VHSDUDWHG�'DXJKWHU
%RDUGV�ZRUNLQJ�LQ�SDUDOOHO�LV�D�ORJLFDO�UHVXOW�RI�WKH�IDFW�WKDW�RQH�')(%�VHUYHV�WZR�DGMDFHQW
$QDORJ�)(�%RDUGV�DV�VKRZQ�RQ�)LJ����

$�FRPSDULVRQ�RI�)LJ�����DQG�)LJ�����VKRZV�WKDW�WKHUH�DUH�HQRXJK�VLPLODULWLHV�EHWZHHQ
WKHP�WR�VXJJHVW�LPSOHPHQWLQJ�WKH�%URDGFDVWHU�ZLWK�D�'LJLWDO�)URQW�(QG�%RDUG���7KH
GLIIHUHQFHV�LQ�DOJRULWKPV�EHLQJ�WDNHQ�XS�E\�GLIIHUHQW�ILUPZDUH�LQ�WKH�'DXJKWHU�%RDUGV�DQG

Fast Cu Serial Link Rec.

Fast Cu Serial Link Rec.

Data
Processing

Fast Cu Serial Link XT.

G Link XT

G Link XT

SEQUENCERTIMER

1553 INTERFACE

G Link XT

FIG. 10.  Functional Block Diagram of the

Fast Cu Serial Link XT
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WKH������LQWHUIDFH�VXEVWLWXWHG�E\�D�90(�LQWHUIDFH����7KLV�LV�WKH�VXJJHVWLRQ�PDGH�E\
-DPHLVRQ�2OVHQ�DQG�-RKQ�$QGHUVRQ���+RZHYHU��FKDQJLQJ�ILUPZDUH�RQO\�LV�QRW�VXIILFLHQW��WR
PDNH�D�%URDGFDVWHU�%RDUG�RI�D�'LJLWDO�)URQW�(QG�%RDUG�LW�LV�QHFHVVDU\�WR�PDNH�FKDQJHV�LQ
WKH�,�2�RI�WKH�ERDUG�WR�VDWLVI\�WKH�QHHGV�RI�WKH�%URDGFDVWHU���7R�LQFUHDVH�WKH�QXPEHU�RI
LQSXW�/9'6�OLQNV�IURP�HLJKW�WR�WHQ�LV�QRW�D�YHU\�GLIILFXOW�WDVN���7R�LQFUHDVH�WKH�QXPEHU�RI
RXWSXW�OLQNV�IURP�RQH�)DVW�&RSSHU�6HULDO�/LQN�DQG�RQH�*�/LQN�WR�WZR�)DVW�&RSSHU�/LQNV
DQG�WKUHH�*�/LQNV�LV�TXLWH�PRUH�GLIILFXOW���1RW�RQO\�WKH�DPRXQW�RI�UHDO�VWDWH�UHTXLUHG�IRU�WKH
,�2�LQFUHDVHV�E\�DOPRVW�D�IDFWRU�RI�WKUHH��WKH�FRPSOH[LW\�RI�WKH�URXWLQJ�RI�WKH�VLJQDOV�WKDW
QHHG�WR�UHDFK�HDFK�RXWSXW�OLQN�EHFDPH�IDU�PRUH�FRPSOH[���7KLV�GLIILFXOW\�FDQ�EH
FLUFXPYHQWHG�E\�XVLQJ�GLIIHUHQW�GDXJKWHU�ERDUGV�IRU�WKH�URXWLQJ�RI�VLJQDOV�LQ�WKH�ILQDO�VWDJH
WR�WKH�QHFHVVDU\�RXWSXW�OLQNV���7KH�WZR�IODYRUV�RI�WKH�ERDUG�ZLOO�ORRN�VRPHWKLQJ�OLNH�ZKDW�LW
LV�VNHWFKHG�RQ�)LJ�����

7KH�LQIRUPDWLRQ�WKDW�WKH�/��7ULJJHU�0DQDJHU�IRU�WKH�&)7�&36�$[LDO�UHFHLYHV�DQG�WKH
QXPEHU�RI�ELWV�UHTXLUHG�LV�VXPPDUL]HG�DV�IROORZV�

À QXPEHU�RI�WUDFNV�IRXQG�RUJDQL]HG�E\�3W�ELQ��6LJQ�DQG�W\SH�RI�36�WDJJLQJ
�����ELWV�IRU���RI�7UDFNV��������RI�3W�ELQV�����VLJQ������36�WDJV�� ����ELWV

À ��SRVVLEOH�,VRODWHG�7UDFNV�ZLWK�WKH�IROORZLQJ�LQIRUPDWLRQ
���3W�ELQ����ELWV����6LJQ���ELW����H,62���ELW����36�WDJ���ELWV��� ����ELWV

À QXPEHU�RI�SRVVLEOH�SKRWRQV�ZLWK�D�PD[LPXP�RI�HLJKW����ELWV�� ���ELWV
À QXPEHU�RI� WRWDO� ILEHUV�ZLWK� VLJQDO�ZLWK� D�PD[LPXP�SRVVLEOH� RI� ������ ���� ELWV�

DOWKRXJK�WKLV�QXPEHU�FRXOG�EH�VFDOHG�E\�D�IDFWRU�RI�����QHHGLQJ����ELWV�RQO\

VME  Interface

OUTPUT

SIGNALS

ROUTER

INPUT

SIGNALS

ROUTER

LVDs  Rec.

LVDs Rec..

Fast Cu Serial Link XT

G Link XT To L3

)LJ�������)XQFWLRQDO�%ORFN�'LDJUDP�RI�WKH�'LJLWDO�)URQW�(QG�%RDUG�

DAUGHTER
CARD

DAUGHTER
CARD
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1RWH�WKDW�QR�LQIRUPDWLRQ�DERXW�1RUWK�6RXWK�LV�JLYHQ���7KLV�LPSOLHV�WKDW�D�PLQLPXP�RI
����ELWV�LV�UHTXLUHG�E\�WKH�/�&)7�7ULJJHU�0DQDJHU���7KLV�H[FHHGV�WKH�PD[LPXP�RI�����ELWV
�ZLWKRXW�ORQJLWXGLQDO�SDULW\��WKDW�D�)DVW�&RSSHU�6HULDO�/LQN�FDQ�WUDQVIHU�LQ����QV���7KXV�WKH
QHHG�WR�XVH�WZR�6HULDO�/LQNV�EHWZHHQ�HDFK�%URDGFDVWHU�%RDUG�DQG�WKH�/�7ULJJHU�0DQDJHU�
7KLV�ZLOO�LQFUHDVHV�WKH�QXPEHU�RI�GDWD�ELWV�WR�EH�WUDQVIHU�IURP�HDFK�%URDGFDVWHU�WR�WKH
/�&)7�7ULJJHU�0DQDJHU�WR�D�FRPIRUWDEOH�����SOXV����ELWV�IRU�ORQJLWXGLQDO�SDULW\���7KLV
VROXWLRQ�DOVR�LQFUHDVHV�WKH�QXPEHU�RI�/�&)7�7ULJJHU�0DQDJHU�%RDUGV�RI�WKH�PXRQ�W\SH�E\�D
IDFWRU�RI�WZR���$�EHWWHU�VROXWLRQ�LV�WR�VHQG�WKH�LQIRUPDWLRQ�IURP�WKH�%URDGFDVWHU�WR�WKH�&)7
7ULJJHU�0DQDJHU�YLD�D�/9'�OLQN���7KLV�JLYHV�DQ�HIIHFWLYH�EDQGZLGWK�RI������ �����ELWV�SHU
���QV�ZKLFK�LV�VL[�ELWV�PRUH�WKDQ�ZKDW�LW�LV�QHHGHG�

7KHVH�FKDQJHV�UHVXOW�LQ�D�VLQJOH�'LJLWDO�0RWKHU�%RDUG�ZKRVH�IXQFWLRQDOLW\�LV�GHILQHG�E\
WKH�W\SH�RI�'DXJKWHU�%RDUGV�DQG�ILUPZDUH�XVHG���6R�IDU��ZH�KDYH�GHVFULEHG�D�V\VWHP�ZLWK
WZR�IODYRUV�RI�'LJLWDO�%RDUGV�

WKH�'LJLWDO�)URQW�(QG�%RDUG�FKDUDFWHUL]HG�E\
WZR�'DXJKWHU�%RDUGV�ZLWK�IXQFWLRQ�VSHFLILF�ILUPZDUH
DQ�RXWSXW�'DXJKWHU�%RDUG�ZLWK�RQH�/9'�OLQN�DQG�RQH�*�/LQN
WKH�%URDGFDVWHU�FKDUDFWHUL]HG�E\
RQH�'DXJKWHU�%RDUG�ZLWK�IXQFWLRQ�VSHFLILF�ILUPZDUH
DQ�RXWSXW�'DXJKWHU�%RDUG�ZLWK�RQH�/9'�OLQN�DQG�WKUHH�*�/LQN

7KHUH�DUH�WZR�PDMRU�SUREOHPV�ZLWK�WKLV�LPSOHPHQWDWLRQ���2Q�RQH�KDQG�WKH�070�FDUG
DFFHSWV�RQO\�)DVW�&RSSHU�6HULDO�/LQNV��RQ�WKH�RWKHU�KDQG�WKH�SRVVLELOLW\�RI�DFFRPPRGDWLQJ
WKUHH�*�/LQNV�LQ�WKH�RXWSXW�RI�WKH�'LJLWDO�0RWKHU�&DUG�LV�YHU\�LPSUREDEOH���7KHUH�PXVW�EH�D
EHWWHU�VROXWLRQ�

Using the DFE board as a L1 Trigger Manager board

1
0

L
V
D

&RPPRQ�/RJLF

Daughter Board

Daughter Board

O
U
T
P
U
T

D
a
u
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t
e
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Fig. 12.  The modified Digital Board.  The Mother Board has 10 LVD Inputs and all
common logic.  The Daughter Boards take care of the different "flavors".
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$�FDUHIXO�ORRN�DW�WKH�LPSOHPHQWDWLRQ�RI�WKH�/��0XRQ�7ULJJHU�0DQDJHU�ERDUGV�DQG�DW�WKH
'LJLWDO�%RDUG�DV�GHVFULEHG�DERYH�VKRZV�PDQ\�VLPLODULWLHV�EHWZHHQ�WKHP���7KLV�VWURQJO\
VXJJHVWV�WKH�SRVVLELOLW\�WR�LPSOHPHQW�PDQ\�RI�WKH�IXQFWLRQV�RI�WKH�/�&)7�7ULJJHU�0DQDJHU
XVLQJ�WKH�'LJLWDO�%RDUG���$OWKRXJK�DOO�IXQFWLRQV�UHTXLUHG�E\�WKH�7ULJJHU�0DQDJHU�WR
PDQLSXODWH�GDWD�FDQ�EH�HDVLO\�LPSOHPHQWHG�LQ�WKH�'DXJKWHU�%RDUGV��WKH���7ULJJHU�0DQDJHU
KDV�DOVR�WKH�UHTXLUHG�ORJLF�FRQQHFWLRQV�WR�ZRUN�DV�D�*HRJUDSKLFDO�6HFWRU���7KH�SUREOHPV
HQXPHUDWHG�LQ�WKH�SUHYLRXV�SDUDJUDSK�DUH�FLUFXPYHQWHG�LI�ZH�XVH�D�%URDGFDVWHU�'LJLWDO
ERDUG�WR�SHUIRUP�PDQ\�RI�WKH�IXQFWLRQV�WKDW�WKH��µ�7ULJJHU�0DQDJHU�ERDUG�GRHV�DQG�ZH
UHOHJDWH�WKH�IXQFWLRQ�RI�WKH�ODWHU�WR�FRPPXQLFDWH�ZLWK�WKH�7ULJJHU�)UDPHZRUN�DQ�WR�SHUIRUP
WKH�QHFHVVDU\�IXQFWLRQV�RI�D�*HRJUDSKLFDO�6HFWRU�

,I�VXFK�D�VROXWLRQ�LV�LPSOHPHQWHG��WKH�&)7��36�DQG�)3�DFTXLVLWLRQ�V\VWHP�DQG�7ULJJHU�LV
GUDVWLFDOO\�VLPSOLILHG����,W�FDQ�EH�LPSOHPHQWHG�XVLQJ�RQO\�RQH�W\SH�RI�ERDUG�LQ�WKUHH�IODYRUV�
(DFK�IODYRU�LV�GHILQHG�E\�WKH�W\SH�RI�'DXJKWHU�%RDUGV����7KHVH�DUH�

v 'LJLWDO�)URQW�(QG
7ZR�)XQFWLRQ�VSHFLILF�'DXJKWHU�&DUGV
2QH�2XWSXW�'DXJKWHU�&DUG�ZLWK�IRXU�/9'�OLQNV�DQG�WZR�)DVW�6HULDO
&RSSHU�/LQNV

v %URDGFDVWHU�7�
2QH�)XQFWLRQ�VSHFLILF�GRXEOH�'DXJKWHU�&DUG
2QH�2XWSXW�'DXJKWHU�&DUG�ZLWK�RQH�RU�PRUH�/9'�OLQNV�DQG�WZR�*
/LQNV

v %URDGFDVWHU�7�
2QH�)XQFWLRQ�VSHFLILF�GRXEOH�'DXJKWHU�&DUG
2QH�2XWSXW�'DXJKWHU�&DUG�ZLWK�RQH�RU�PRUH�/9'�OLQNV��RQH�*
/LQN�DQG�RQH�)DVW�6HULDO�&RSSHU�/LQN

,Q�DOO�FDVHV��WKH�LQSXW�WR�WKH�ERDUG�FRQVLVWV�RI�XS�WR�WHQ�/9'�/LQNV���,Q�WKH�FDVH�WKDW
VRPH�LQSXW�RXWSXW�OLQNV�DUH�QRW�XVHG��RQO\�WKH�VSHFLILF�KDUGZDUH�QHFHVVDU\�WR�LPSOHPHQW�WKH
XVHG�OLQNV�ZLOO�EH�LQVWDOOHG�

7KH�%URDGFDVWHU�V\VWHP�IRU�WKH�/�&)7�&36�$[LDO�LPSOHPHQWHG�XVLQJ�%URDGFDVWHU

GL

GL GL

FSCL

Broadcaster T2Broadcaster T1

From DFE Boards
8 Boards (1 per Octant) From OCTANT  Boards

To TM
(µ type)

Figure 13
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&DUGV�W\SH�7��DQG�7��LV�VKRZQ�LQ�)LJ��������)LJ�����VKRZV�WKH�FRPSOHWH�%URDGFDVWHU�6\VWHP
IRU�WKH�&)7��&36�DQG�)36�XVLQJ�WKH�VDPH�W\SH�RI�ERDUGV���1RWH�WKDW�WKH�LQIRUPDWLRQ�VHQW�WR
/�&)7�DQG�/�&36�$[LDO�LV�H[DFWO\�WKH�VDPH��WKH�SUH�SURFHVVRUV�ZLOO�QHHG�WR�VRUW�RXW�ZKLFK
LQIRUPDWLRQ�WKH\�QHHG�WR�XVH�

$�EUHDN�GRZQ�RI�WKH�GLIIHUHQW�VXEV\VWHPV�DQG�WKHLU�KDUGZDUH�UHTXLUHPHQWV�LV�DV�IROORZV�

CFT/CPS Axial

Br. T2 for 
L!CFT

1 (2) Boards

Common
Logic

Common
Logic

Br. T1  for
CFT and 
CPS  AXIAL

8  Boards

Common
Logic

Br. T1   for
 CPS  
STEREO

2 Boards

Br. T1   for
 FPS  

4 Boards

Common
Logic

Br.  T2   for 
FPS

1 (2) Boards

Common
Logic

To L2CFT

To L3 GL

FSCL
 To
 TM

GLTo L3

To L3 GL

 

To  L2FPS

To L3

GL

GL

 To
 TM

GLTo L3

Manuel I. Martin 02/09/1999

Figure.  16

To L2CPS
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GLTo L2CPS
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À ���'LJLWDO�)URQW�(QG�%RDUGV�HDFK�RI�ZLFK�KDV
��/9'�LQSXW�OLQNV�WR�VHUYH�WZR�$QDORJ�)URQW�(QG�%RDUGV
��)DVW�6HULDO�&RSSHU�RXWSXW�OLQNV�WR�VHQG�LQIRUPDWLRQ�WR�WKH�µ�/��7ULJJHU
��/9'�RXWSXW�OLQNV�WR�VHUYH�RQH�ILIWK�RI�RQH�%URDGFDVWHU

À ��%URDGFDVWHUV�W\SH�7���HDFK�VHUYLQJ�DQ�RFWDQW�DQG�KDYLQJ
��� /9'V�LQSXW�OLQNV�VHUYLQJ���'LJLWDO�)URQW�(QG�ERDUGV
���� /9'��RXWSXW�OLQN�VHUYLQJ�DQ�HLJKWK�RI�WKH�/�&)7�7ULJJHU�0DQDJHU
���� *�/LQN�ZLWK�DQ�RSWLFDO�VSOLWWHU�VHUYLQJ�WKH�/�&)7�DQG�/�&36�SUH
SURFHVVRU
� *�/LQN�VHUYLQJ�WKH�/�

À ���%URDGFDVWHUV�W\SH�7���HDFK�KDYLQJ
�� /9'V�LQSXW�OLQNV�VHUYLQJ���%URDGFDVWHUV�W\SH�7�
� )DVW�6HULDO�&RSSHU�/LQN�VHUYLQJ�RQH�µ�W\SH�7ULJJHU�0DQDJHU
� *�/LQN�VHUYLQJ�WKH�/�

CPS Stereo

À ��'LJLWDO�)URQW�(QG�ERDUGV�HDFK�KDYLQJ
��/9'�LQSXW�OLQNV�WR�VHUYH�WZR�$QDORJ�)URQW�(QG�%RDUGV
��/9'�RXWSXW�OLQNV�WR�VHUYH�RQH�ILIWK�RI�RQH�%URDGFDVWHU

À ��%URDGFDVWHUV�W\SH�7��HDFK�VHUYLQJ�WZR�TXDGUDQWV�DQG�KDYLQJ
� /9'V�LQSXW�OLQNV�VHUYLQJ���%URDGFDVWHUV�W\SH�7�
�� *�/LQN�RXWSXW�WR�WKH�/�&36�SUH�SURFHVVRU
�� *�/LQN�RXWSXW�WR�WKH�/�

FPS

À ���'LJLWDO�)URQW�(QG�ERDUGV�HDFK�KDYLQJ
��/9'�LQSXW�OLQNV�WR�VHUYH�WZR�$QDORJ�)URQW�(QG�%RDUGV
��/9'�RXWSXW�OLQNV�WR�VHUYH�RQH�IRXUWK�RI�RQH�%URDGFDVWHU

À ��%URDGFDVWHUV�W\SH�7��HDFK�VHUYLQJ�RQH�TXDGUDQW�DQG�KDYLQJ
�� /9'�LQSXW�OLQNV�WR�VHUYH�IRXUWK�'LJLWDO�)URQW�(QG�ERDUGV
�� /9'�RXWSXW�OLQNV�WR�VHUYH�RQH�IRXUWK�RI�WKH�/�)36
�� *�/LQN�RXWSXW�WR�WKH�/�)36�SUH�SURFHVVRU
�� *�/LQN�RXWSXW�WR�WKH�/�

À ��%URDGFDVWHUV�W\SH�7��KDYLQJ
�� /9'V�LQSXW�OLQNV�VHUYLQJ���%URDGFDVWHUV�W\SH�7�
� )DVW�6HULDO�&RSSHU�/LQN�VHUYLQJ�RQH�µ�W\SH�7ULJJHU�0DQDJHU
� *�/LQN�VHUYLQJ�WKH�/�

7KXV��WKH�WRWDO�UHVRXUFHV�QHHGHG�IRU�WKH�%URDGFDVWHU�6\VWHP�IRU�WKH�&)7��&36�DQG�)36
DUH�

�� %URDGFDVWHUV�W\SH�7�
� %URDGFDVWHUV�W\SH�7�
� &UDWH��%URDGFDVWHU�&UDWH�
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� &UDWH�&RQWURO�%RDUGV�ZLWK�90(
�� /9'�/LQNV
� )DVW�6HULDO�&RSSHU�/LQNV
���*�/LQNV

$�SRVVLEOH�RUJDQL]DWLRQ�RI�WKH�ERDUGV�LQ�WKLV�FUDWH�LV�VKRZQ�LQ�)LJ�������:LWK�WKH
/�&)7�&36�$[LDO�DQG�WKH�/�)36�%URDGFDVWHU�W\SH�7��%RDUGV�LQFOXGHG�

7KLV�GRHV�QRW�LQFOXGH�QHLWKHU�WKH�)RUZDUG�3URWRQ�QRU�WKH�677�6\VWHPV

Following Good Engineering Practice, or a better way to send information to the
Framework

7KH�XVDJH�RI�HOHFWULFDO�FRQGXFWRUV�IRU�GDWD�WUDQVIHUV�EHWZHHQ�VHOI�FRQWDLQHG�V\VWHPV�LV�D
VXUH�ZD\�WR�FRXUWVKLS�GLVDVWHU���2QH�WKLQJ�,�OHDUQHG��GHVLJQ�WR�DYRLG�SUREOHPV��LQ�SDUWLFXODU�QRLVH
DQG�JURXQG�ORRS�SUREOHPV��LI�\RX�ZDQW�WR�KDYH�VXFFHVV���7R�XVH�QXPHURXV�FRSSHU�OLQNV�EHWZHHQ��VHOI�
FRQWDLQHG��V\VWHPV�LV�QRW�WKH�EHVW�ZD\�WR�GHDO�ZLWK�QRLVH�DQG�LW�ZLOO�PRVW�VXUO\�FUHDWH�ELJ
JURXQG�ORRSV���7KLV�LV�WKH�PD\RU�SUREOHP�WKDW�,�ILQG�ZLWK�WKH�H[LVWLQJ�VFKHPH��XVLQJ�WKH�µ
7ULJJHU�0DQDJHU�&DUG���WKH�XVDJH�RI�D�FRSSHU�OLQNV�EHWZHHQ�HOHFWURQLFV�ORFDWHG�LQ�WKH
3ODWIRUP�DQG�WKHVH�ORFDWHG�LQ�WKH�0RYLQJ�&RXQWLQJ�+RXVH���7KHVH�DUH�WKH�IODW�FDEOHV�XVHG�WR
VHQG�LQIRUPDWLRQ�IURP�WKH�7ULJJHU�0DQDJHU�WR�WKH�)UDPHZRUN��7KLV�SUREOHP�FDQ�EH�WRWDOO\
HOLPLQDWHG�ZLWK�D�PRUH�FRQVHUYDWLYH�GHVLJQ�

�&KDQJH�WKH�OLQNV�EHWZHHQ�WKH�P�W\SH�7ULJJHU�0DQDJHU�ERDUGV�DQG�WKH�7ULJJHU
)UDPHZRUN�WR�*�/LQNV�����

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

C L1 L1 B B B B B B B B B B B B B B

C C F C C C C C C C C F F F F C C
O F P F F F F F F F F P P P P P P
N T S T T T T T T T T S S S S S S
T S S
R T T C C C C C C C C
O M M P P P P P P P P
L S S S S S S S S

A A A A A A A A

FLJXUH���� Possible Broadcaster Crate organization.  
with L1CFT/CPS Axial and L1FPS included!


